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Camptothecin (CPT), a cytotoxic quinoline indole alkaloid, is an anticancer compound. Its
two  major  semi  synthetic  derivatives,  topotecan  and  irinotecan,  are  Food  and  Drug
Administration (FDA) approved drugs effectively used for treating different cancer types
and sold under the trade names Hycamtin and Camptosar. Among the Ophiorrhiza species,
Ophiorrhiza  mungos contains  the  highest  CPT  level  (0.02  %  g  dw).  CPT  level  was
determined in plants before flowering (0.074 ± 0.003 % g dw) and at flowering (0.052 ±
0.002 % g dw). Multiple shoot cultures were induced on seedling-derived explants of  O.
mungos in half strength MS solid media supplemented with 1.0 mg/L BAP to obtain 12.00 ±
1.22  shoots  in  20  days.  Repeated  subcultures  at  20  days  interval  yielded  20.00  ±  3.71
shoots/subculture of shoot clusters. After elongation, rooting and transplanting, the growth
of shoot clusters were studied in both  in vitro  and same aged naturally grown seedlings.
Highest biomass (4.62 ± 0.158 g fw) was obtained in  in vitro-derived shoot clusters. CPT
increased according to biomass and the maximum CPT was recorded in  in vitro  rooted
shoot clusters after 15 days (0.031 ± 0.001 % g dw). Hence,  in vitro-derived rooted shoot
clusters of O. mungos cultivated in net-pots for 60 days under shade net house conditions
found to be a sustainable source for CPT.
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Introduction
Camptothecin  (CPT)  is  an  essential  precursor  of
semisynthetic  chemotherapeutic  agents (irinotecan,
topotecan,  etc.)  for  various  forms  of  cancers
throughout the world. The market value of CPT and
its derivatives are US$ 5000-8000 per kilogram and
its demand in the world market is US $ 2.2 billion (1).
Due to the escalating demand and the rapid growth
of market for CPT, raw material for extracting CPT is
still from the  natural  sources.  It has been reported
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that  Camptotheca  acuminata and  Nothapodytes
nimmoniana  are  the  two  important  species
primarily  identified  as  the  source  of  CPT and
unsustainable extraction of these plants from the
wild resulted both species pushed towards finding
a  place  in  IUCN  redlist (2). Many  efforts  have
already been initiated to map the population of C.
acuminata and N. nimmoniana in India and China
(3,4). In addition to these two species, many other
species  also  reported  to  contain  CPT  namely
Ervatamia  heyneana (5),  Merrilliodendron
megacarpum (6),  Mostuea  brunonis (7),
Pyrenacantha  klaineana (8), Chonemorpha
grandiflora (9) and Miquelia dentata (10) which are
either trees or lianas. CPT was also reported from
some  endophytic  fungi  (11). Various  species  of
genus  Ophiorrhiza have also been identified as a
source of CPT, that are  O. mungos (12),  O. pumila,
O. filistipula (13,14), O. liukiuensis, O. kuroiwai (15),
O. trichocarpon (16), O. rugosa var.  prostrata (17),
O.  eraiantha  (18),  among  others.  However,
maximum CPT was reported from O. mungos and
it has been recognized as a potential source of CPT
(12,19). Considering the growing demand for CPT
together  with  the  importance  of  conservation  of
Ophiorrhiza species,  development  of  alternate
strategies for the production of the compound is
significant (20,21). 
O. mungos (family  Rubiaceae), a herbaceous
medicinal  plant  is  selected  for  the  present
investigation.  The  plant  is  distributed  in  the
evergreen  forests  of  the  Western  Ghats (India).
Roots  of  the  plant  are  traditionally  used  for
treating  snakebite  and  cancer,  whereas  the  root
bark  possesses  sedative  and  laxative  properties
(22-24).  Recent reports  revealed that  the plant is
also under severe pressure on its existence due to
injudicious  collection  from  the  wild  (25).  Since
distribution  of  O.  mungos is  limited in  natural
forests and the specific microclimatic condition in
the evergreen forests is difficult to be reproduced
for  cultivation  in  the  plains,  it  is  necessary  to
develop  alternative  methods for  large  scale
multiplication  and  consistent  production  of  the
compound.  Plant  tissue  culture  methods  have
already  been  identified  as a  suitable  alternative
for  large-scale  production  of  propagules  and
production  of  secondary  metabolites (26).  The
present  work  describes  a  prospective  tissue
culture  method for  sustainable  production of
rooted  multiple  shoots  and  their  net-pot
cultivation  in  a  shade  net house leading  to  the
extraction of CPT. 
Materials and methods
Culture initiation
Mature capsules from the plants maintained in the
shade net house were collected during the months
of  September  and  October.  The  capsules  were
treated with 0.1 % mercuric chloride (HgCl2) (w/v)
for 3-7 min. After that the capsules were washed
with  sterile  distilled  water  for  3-4  times  and
pressed with sterile forceps to release seeds with
0.36 ± 0.1 mm L x 0.28 ± 0.9 mm W. The seeds were
again  washed  in  sterile  distilled  water  for  3  -  4
times  before  transferring  them  on  to  Murashige
and  Skoog  (MS)  medium  full,  half  and  quarter
strength basal media. The pH of the medium was
adjusted  to  5.8  before  adding  0.6  %  (w/v)  agar
(Thomas  Baker,  Mumbai)  and  autoclaved  under
pressure (1.5 kg/cm2) for 18 min at 121  ºC. All the
cultures  were  maintained at  26  ±  2  ºC under  an
illumination of white fluorescent tube lights (35-50
µEm-1s-1) at 12 h photoperiod.
Shoot multiplication
After 2-3 weeks of seed germination, shoot portion
was transferred vertically on to half strength MS
solid medium supplemented with 3 % sucrose and
0.2-3.0  mg/L  6-benzylaminopurine  (BAP)  either
alone  or  in  combinations  with  0.1-1.0  mg/L  α-
naphthalene  acetic  acid  (NAA)  or  0.1-1.0  mg/L
indole-3-acetic acid (IAA).
After  three  weeks  of  multiple  shoot
induction, shoot clusters each with 4.1 ± 0.8 shoot
buds from the multiple shoots were dissected out
and subcultured  to  culture  bottles  containing  25
ml half  strength MS agar medium supplemented
with 3 % sucrose and 0.2-2.0 mg/L BAP either alone
or in combinations with 0.1-1.5 mg/L NAA or 0.1-
1.5  mg/L  IAA.  Multiplication  of  shoots  was
achieved  through  repeated  subcultures  of  shoot
clusters  (4.1  ±  0.8  shoots/cluster) at  three  week
intervals. For shoot  elongation,  the shoots  (2.0  ±
0.5  cm  long)  obtained  from  seedling  derived
explants  were  dissected  in  clusters  with  an
average of 4.4 ± 0.7 shoots buds and inoculated on
to  half  strength  MS  medium  supplemented  with
Gibberellic acid (GA3) (0.2 to 2.0 mg/L ) or medium
devoid of hormones.
Rooting and hardening of shoot Clusters
After  the  6th subculture,  each shoot  cluster  from
individual  bottles  was  divided.  Each  subcluster
consisted of an average of 6.1 ± 1.8 shoots (2.2 ±
0.53  cm  long)  and  it  was  transferred  to  half
strength  MS  basal  solid  medium  supplemented
with either 0.2-3.0 mg/L indole-3-butyric acid (IBA)
or IAA alone or combinations with IAA and IBA
(0.2 and 0.5 mg/L) to induce rooting. The  in vitro
rooted shoot clusters were weaned away from the
bottles  (after  3  weeks),  washed  in  running  tap
water to remove media remnants and planted in
net-pots  (35  x  30  mm)  filled  with  sand  and
farmyard manure (3:1) and kept them under the
shade  net  house  with  proper  watering  to  study
growth and to estimate the level of CPT at different
periods of rearing.
Estimation of CPT
CPT  was  also  estimated  in  the  in  vitro-derived
multiple  shoots  after  the  subculture.  Detailed
comparative analysis of growth (number of shoots
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in a cluster, length of shoots, plant biomass) and
CPT content in varied sources of plants during net-
pot  cultivation  was carried out up to  sixty  days.
1000 plants were transferred for the experiment.
The experiment was repeated twice. Growth (fresh
weight) and CPT content were determined in the
in  vitro-derived  rooted  individual  shoots,  rooted
shoot  clusters,  same  aged  natural  seedlings
planted in the net-pots, field-grown plants before
flowering (4-5 months old), and plants at flowering
stage  (6  months  old).  All  the  samples  were  air
dried  separately  and  CPT  was  quantified  using
HPLC  using  a  method  described  earlier  (19).
Quantitation was done by comparing the standard
curve  plotted  using  different  concentrations  of
authentic CPT (Sigma Aldrich, USA), each taken in
triplicate. The consistency of shoot multiplication
and CPT production was checked by repeating the
net-pot  cultivation  experiments  with  800  plants
from the same stock of in vitro plants.
HPLC was performed with a general purpose
C18 Kromasil column (250 x 4.6 mm) attached to
Gilson  321  binary  gradient  HPLC  system.  The
mobile  phase  was  acetonitrile-water  (30:70)  at  a
flow rate of 1ml/min with a sample size of 15µl and
the  compound  was  determined  in  a  detector
(Gilson UV/VIS  156)  attached  to  the HPLC at  254
nm.  Quantitation  of  CPT  was  done  by  both
spectrophotometer and HPLC and the results were
presented  as  %  of  CPT  on  gram  (g)  dry  weight
basis. The plants were dried under shade until the
samples obtained constant dry weight.
Statistical Analysis
Data  were  subjected  to  analysis  of  variance
(ANOVA) and means were compared by Duncan’s
multiple  range  Least  Significant  Difference (LSD)
test at 95 % significance level.
Results and discussion
Culture initiation and multiplication 
Tissue  culture  multiplication in  O. mungos using
seedling-derived  explants  was  already  reported
(27).  Seed  cultured  in  the  media  responded
positively irrespective of the strength of the media.
However,  half  strength MS basal  media was best
for  100  %  seed  germination.  After  three  weeks,
individual seedlings of 2.0 ± 0.3 cm were taken and
root  portion  of  the  seedlings  were  removed and
shoot portion with one pair of leaves (1.54 ± 0.2
cm) was used for shoot bud initiation. Maximum
number of shoots was obtained in half strength MS
solid media containing 1.0 mg/L BAP (6.00 ± 0.07).
Shoot formation was from the base as well as node
of  the  shoot.  It  was  interesting  to  note  that  low
concentration  of  BAP  alone  was  favorable  for
multiple shoot induction. Shoot multiplication was
comparatively  poor  in  media  containing  either
higher  concentration  of  BAP  alone  or  in
combination with auxins. After 3 weeks, the newly
raised  shoot  buds  were  inoculated  on  to  half
strength  media  containing  varied  levels  of
hormones for multiplication of shoots. Maximum
number of shoots (12.00 ± 1.22) with a mean length
of 0.58 ± 0.08 cm was obtained in half strength MS
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Table 1. Multiple shoot induction in subcultured aseptic shoots in half strength MS solid media with different growth
hormones. Observations were taken after 20 days of subculture. Mean values with different superscripts within 
columns are significantly different (p ≤ 0.05) by the Duncan’s multiple range Least Significant Difference test.
Concentration (mg/L)of growth hormones Number of shoots
(Mean ±S.E)
Length of shoots (cm)
(Mean ± S.E)
BAP NAA IAA
0.2 0 3.00±1.22e 0.82±0.16ef
0.5 0 10.80±0.83b 0.68±0.13e
1.0 0 12.00±1.22a 0.58±0.08f
1.5 0 10.00±1.22b 0.54±0.05f
2.0 0 7.60±1.67c 0.50±0.07f
0.5 0.1 5.00±0.70d 0.82±0.13ef
1.0 0.5 2.80±0.83e 1.18±0.17d
1.5 1.0 2.60±0.89e 1.08±0.35de
2.0 1.5 2.80±0.83e 1.52±0.37bc
0.5 0.1 4.60±1.14d 1.22±0.19d
1.0 0.5 3.20±1.09a 1.38±0.19cd
1.5 1.0 2.40±1.14a 1.68±0.40ab
2.0 1.5 2.40±1.14a 1.86±0.19a
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solid  medium  supplemented  with  1.0  mg/L  BAP
within  3 weeks  (Table 1). Shoot proliferation was
mostly  from  the  axillary  meristem  of  the  basal
part  of  the  shoot.  Shoots  subcultured  in  media
with the combinations of BAP and auxins (IAA or
NAA)  also  found  supportive  for  multiplication
induction  at  the  same  frequency  (98  %)  but  the
shoots  formed  were  short  (0.51 ±  0.1  cm)  and
associated with callusing particularly from the cut
ends. So further subculture and multiplication of
shoots obtained from media containing BAP only
were  considered.  Maximum  shoot  proliferation
was obtained (20.00 ± 3.71) in media with 0.5 mg/L
BAP (Fig. 1a). The use of BAP at low concentration
for multiple shoot formation through subculture of
individual  shoots  in  the  present  study  is  in
contrast  to  the  results  published  in  O.  prostrata
where combination of BAP and IBA was used for
maximum shoot proliferation (28). 
During  the  successive  subculture  passages,
the  mean number  and length  of  the  shoots  was
found reduced (0.75 cm) and it might be due to the
known  inhibitory  influence  of  media  salts  and
cytokinin.  A  gradual  decline  in  shoot
multiplication was evident after the 6th subculture.
A similar result was reported earlier in the shoot
cultures  of  species  like  Potentialla  fruiticosa  (29)
and  Trichopus zeylanicus (30)  presumably due to
habituation  of  shoots  in  enriched  media
composition. Efforts to maintain the rate of shoot
multiplication by reducing the salt  concentration
to  quarter  strength,  helped  to  overcome  the
problem  of  shoot  multiplication  and  vigor.  This
result  are  in  correlation  with  the  report  of  O.
trichocarpon (31)  in  which  subculture  of  shoots
alternatively to half strength and quarter strength
MS  media  supported  the  induction  of  more
multiple shoots.
Elongation, rooting and establishment of shoot
clusters
For elongation, shoot clusters with 4.4 ± 0.7 shoots
were subcultured in half strength MS media with
different  concentrations  of  GA3.  Elongation  was
prominent  in  media  containing  0.5  mg/L  GA3.
After the 6th subculture, sub-clusters (each with an
average of 6.1 ± 1.8 shoots) transferred for rooting
were readily responded to rooting in presence of
auxins  within  10  days.  Maximum  formation  of
43.60 ± 5.50 roots without callusing was recorded
in presence of 1.5 mg/L IBA (Fig.   1b). Along with
root  formation,  the  shoots  also  got  elongated
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Fig. 1. Multiplication, rooting and hardening of O. mungos. (a) in vitro multiple shoot, (b) rooted shoot clusters, (c)
established shoot clusters under the shade net house, (d) rooted shoot clusters grown in net pots for 60 days
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further and attained a length of 3.25 ± 0.45 cm in 3
weeks.  The  rooted  shoot  sub-clusters  harvested
were  washed  thoroughly  in  running  tap  water,
showed 95 % establishment under the shade net
house  with  the  formation  new  leaves  within  10
days  (Fig.  1c).  It  was  calculated  that  each  shoot
from  the  seedlings  derived  multiple  shoots  can
produce on average  288 shoot clusters and were
easily rooted and established in egg trays (net-pots)
within  a  period  of  21  weeks.  Following  the
procedure,  an  average  of  2070  rooted  shoot
clusters  could  be  amassed  from  a  single  shoot
within the same period. It was observed that one
sq.ft.  egg tray holds 50 net-pots (50 rooted shoot
clusters).  Fresh  weight  of  rooted  shoot  clusters
during planting (0.18 ± 0.02 g) was higher than the
biomass  of  tissue culture-derived single  plantlets
(0.121  ±  0.04  g)  and  naturally  germinated  same
aged seedlings (0.098 ± 0.02 g). Survival of all the
shoots was observed up to 60 days and found that
only less than 2 or 3 after a period of 90 days. A
gradual  increase in fresh weight (4.62  ±  0.158 g)
was recorded periodically and reached more than
twenty-fold increase in  biomass production  after
sixty days of growth (Fig.  1d).  in vitro production
of multiple shoots and production of plantlets with
rooted shoot clusters and their field establishment
is reported to be exceptional. Though rooting of in
vitro flowered  multiple  shoots  of  bamboo  and
their  successful  field  establishment  without
affecting  the  flowering  and  survival  in  the  field
was  reported  (32).  However,  establishment  of
multiple  shoot  cultures  for  enhanced  compound
production in medicinal plants is the first report in
this regard.
A  marginal  increase  in  fresh  weight  of
shoots in 15 days of growth was observed and it
was continued up to 60 days in net-pots. After 60
days,  the  established  plantlets  (rooted  shoot
clusters) transplanted in 12' pots filled with sand
and  farmyard  manure  (2:1)  mixture  exhibited
remarkable growth. It was noted that only 2.4 ± 0.5
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Fig. 2. HPLC chromatogram of CPT from different plant samples. (a) standard CPT, (b) plants at flowering stage, (c)
plants grown for 60 days in net poots
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shoots from the rooted shoot clusters retained and
they profusely grew in to mature plants. 
Table  2.  Percentage  of  CPT  determined  in  seedlings,
roots and shoots in different developmental stages of O.
mungos estimated using HPLC
Sl.
No. Sample
% of CPT per g of
dry weight (Mean
± S.E)
1 Seedlings  (2 months old) 0.022±0.001
2 Roots of field grown plants before flowering 0.030±0.001
3 Roots of field grown plants at flowering 0.030±0.001
4 Shoots of field grown plants before flowering 0.074±0.003
5 Shoots of field grown  plants atflowering 0.052±0.002
Estimation of CPT
CPT  content  was  determined  in  various  sources
and  remarkable  variation  was  detected.  The
shoots contained higher amount of CPT than roots.
The  results  were  presented  in  Table  2. A
remarkable reduction in CPT level was noticed in
plants  during  flowering  stage.  It  was  also
estimated  that  CPT  of  in  vitro grown  multiple
shoots  contained  0.020  ±  0.00  % g dw CPT after
subculture. Results on biomass and level of CPT in
plants cultivated in net-pots at different periods of
time are given in Table 3. Higher level of CPT was
obtained in  in vitro  derived rooted shoot clusters
established  in  net-pots  after  15  days  of  growth
(0.031 ± 0.001 % g dw) and after that the level of
CPT  declined  and become steady  till  the  growth
period of 60 days (0.006 ± 0.00 % g dw). Repeated
experiments also showed consistency in growth of
shoots  and  CPT  production.  CPT  content  and
biomass  production  during  growth  period  are
directly proportional to each other. Therefore, it is
demonstrated that high level of CPT detected in 15
days old rooted shoot clusters might be a transient
phenomenon as the time required to establish the
plants  with  stable  characters  against  new
environment. The internal concentration of CPT in
the shoots declined steadily after 15 days while the
vegetative  growth  of  the  plants  continued  to
increase. The results confirmed the enhanced yet
transient  production  of  the  compound  after
transplanting the in vitro derived plants as clusters
in  net-pots.  The  exceptional  synthesis  and
accumulation  of  CPT  in  micropropagated  plants
established  for  a  short  period  as  a  transient
feature is not reported by previous workers. 
HPLC chromatogram of CPT also confirmed
the authenticity of CPT in the dried samples (Fig. 2
a-c). Results on the difference in CPT concentration
in the shoots of field grown plants of O. mungos at
two  different  stages  (6  month  old  at  flowering
stage and 4-5 month old plants before flowering)
might be due to the defense mechanism developed
in young plants against various stress as reported
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Table 3.   Growth and CPT production in rooted shoots established in net pots at different periods of growth. Mean 
values with different superscripts within columns are significantly different (p ≤ 0.05) by the Duncan’s multiple 
range Least Significant Difference test
Period after










% of CPT per g of  dry
weight 
(Mean ± S.E) 
0 6.16±0.089a 4.24±0.030f 0.18±0.020i 0.018±0.000cd
5 6.20±0.158a 4.42±0.092f 0.25±0.026i 0.019±0.000c
10 6.06±0.134a 4.45±0.033f 0.36±0.031i 0.024±0.001b
15 6.22±0.130a 4.83±0.038e 0.35±0.019i 0.031±0.001a
20 6.26±0.114a 4.75±0.143e 0.65±0.035h 0.022±0.001b
25 6.00±0.000a 4.30±0.158f 0.95±0.035g 0.017±0.003d
30 5.18±0.130b 4.36±0.148f 1.32±0.164f 0.006±0.000e
35 5.36±0.207b 4.77±0.186e 2.10±0.081e 0.005±0.000e
40 4.28±0.178c 5.72±0.110d 2.75±0.036d 0.005±0.000e
45 4.54±0.364c 5.75±0.425d 2.86±0.034d 0.005±0.000e
50 5.46±0.320b 6.86±0.052c 3.74±0.418c 0.005±0.000e
55 4.48±0.349c 7.79±0.173b 4.20±0.447b 0.006±0.000e
60 4.54±0.364c 8.61±0.338a 4.62±0.158a 0.006±0.000e
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by Hoft et al. in 1996 (33). It is evident that the in
vitro culture  conditions  particularly  favor  the
biosynthetic ability of the plants in respect of CPT.
Difference in alkaloid content at different stages of
development  in  Atropa  belladonna was  already
reported (34). 
Though reports on CPT production through
in vitro cultures are available (5, 35), the yield was
100 - to 1000 - fold lower than from the field grown
plants.  Induction  of  multiple  shoots  and
regeneration of plants have been reported in many
species of  Ophiorrhiza  such as  O. mungos (36),  O.
pumila (14)  and  O. decumbens (37). The study of
Namdeo et al. in 2012 (36) in O. mungos exhibited
a higher level of CPT in  in vitro plants (0.0768 %
w/w)  than  in  adventitious  buds  (0.0026 % w/w).
Undifferentiated  callus  cultures  and  suspension
cultures  of  C.  acuminata, N.  nimmoniana and  C.
grandiflora also  produced  a  significantly  low
amount of CPT (38, 35,  9). Previous shoots culture
of  O. eriantha  and O. pumila  (18, 14) also showed
lower level of CPT but root and hairy root cultures
of  O.  pumila had  less  or  the  same  CPT
concentration  of  that  registered  in  the  field
derived  counterparts.  Studies  on  comparative
performance  between tissue  cultured  plants  and
conventionally  grown  plants  for  secondary
metabolite production are also rare (39).
CPT  contents  in  O.  mungos  were reduced,
ranging from 0.074 ± 0.003 % g dw to 0.052 ± 0.002
%  g  dw  after  flowering.  The  chances  of  early
uprooting of these plants may cause serious threat
to  its  natural  propagation  through  seeds.  The
present  study  shows  an  alternative  method  for
rapid  multiplication  and  production  of  rooted
shoot clusters and their net-pot cultivation as an
attractive  system  for  high  biomass  and  CPT
production against the values recorded in the field
grown plants or  in vitro  derived multiple shoots.
The novelty of the study is the rooting of multiple
shoots and their cultivation in net-pots for 60 days
as  a  successful  alternative  technology  for  large
scale  propagation  of  O.  mungos for  enhanced
production  of  CPT  and  thereby  conserving  the
plants in the natural reserves. 
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